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Abstract 
Beginning in 2007, Ciudad Juarez has been a victim of the consequences brought about organized crime, 
such as killing of innocent people, as the main fact assaults, kidnappings, multi-homicides, burglary,
among other consequences. These facts have pushed the population of the city to take action of different 
kinds to minimize the violence associated with this kind of deaths, which are over 17,787 since 2007. The 
present project aims to provide a technological tool to people moving in this city, delivering an indicator 
to the user about information based statistics compiled by the Centre for Social Research at the 
Autonomous University of Ciudad Juarez and public sources, to know how much uncertain is the place 
where you are. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Organizing 
Committee of the ENIINVIE-2012. 
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1. Introduction 
According to some tests, it is feasible to use an application as an indicator of level of insecurity of the 
most frequent areas that provides to the user an aware about what activities can be performed or not, what 
time is more convenient to visit a certain place, or if it is better to take some alternative route to the 
destination, among other advantages. The thought of insecurity is never at rest, and it is feasible to have a 
number of tools at hand to tackle this problem, which in this case is the use of technology, information 
and some mathematics. All of them consist in a mobile geographic information system (SIGMA) showing 
on levels of insecurity in areas of Ciudad Juarez, which is presented in detail below. 
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2. Project Development 
This project was developed by dividing it into two sections which are the modules of application 
development and implementation of the server. 
Android SDK 
Android is the operating system that is growing in the U.S. rivalling iPhone and Motorola. Along with 
some other manufacturers is propelling the Latin American landing on Android with inexpensive 
equipment, and on the other hand, some complain about the fragmentation of the platform due to the 
different versions. But the truth is that it is already starting to develop the know-how that provides
updates to be compatible for version 2.1 onwards. Looking at the future we can see how Android Market 
app store is the fastest growing, reaching 40,000 applications. For these reasons we chose Android as a 
development platform for this project. Android is free software, so any developer can download the SDK 
(development kit) that contains the API [2].  
3. Operating Diagram, sequence diagram and database 
Fig. 1, shown below, represents generally the operation SIGMA, which is divided into two parts, the 
mobile application and Web services hosted on the server. The scheme starts when the user wants to 
know the insecurity indicator of the area where you are. The first step is to get the coordinates where the 
user is located, and later sent to the server when it receives and calculates the number of incidents within 
the closest area specified in the configuration of the mobile device. The results are processed to determine 
a numerical index which will then be represented by a colour for better visualization of the user. Later the 
values are sent to the mobile device and interpreted to construct a URL to be sent to Google Maps API 
with which to get a map with the indicators in the area. 
Figure 1 Functional diagram of the SIGM 
The following Figure 2 shows the relational diagram database in which data is stored in the incidences 
occurred in Ciudad Juarez, which has 3 tables: 
Type of crime: In which are characterized the types of crimes that were defined. 
Neighborhood: Here is the geo-referencing of the neighborhoods. 
Incidents: It lists the incidents raised in the different regions of Ciudad Juarez, which are also expressed 
in decimal degrees geo-referenced to facilitate further calculations. 
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Figure 2 Diagram SIGM database Module development and implementation of server application 
3.1. Location of nearest points 
The structure of the database has a table called events, where each record contains the geographic 
coordinates expressed in decimal degrees, which determine the position of the incident [1]. 
To locate nearby points within a radius, the application requires four parameters: latitude, longitude, 
altitude and equatorial radius distance, the latter determines the maximum distance search radius, these 
parameters are part of a method based on Haversine formula, which is used to calculate great circle 
distances between two points on a sphere. Haversine function that is different from Haversine formula is 
given by the function of semi-versine.  
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Haversine formula for any two points on a sphere is given by: 
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where 
d is the distance between two points (along a great circle of the sphere), 
R is the radius of the sphere, 
ĳ 1 is the latitude of point 1, 
ĳ 2 is the latitude of point 2, and 
ǻ Ȝ is the length difference 
                                        
Solving Haversine formula can calculate the distance, either by applying the function inverse Haversine 
or by using the arcsine where  
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With this formula one can construct the following instructions, taking into account the role of semiversin
we have: 
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For performance reasons when Haversine implement the function using SQL statements used a similar 
formula but in terms of spherical cosine law called cosine. 
)cos()sin()sin()cos()cos()cos( Cbabac +=                                                                             (7)
This is only an approximation when applied to land, and because it is not a perfect spherical radius of the 
earth, it varies as we approach the poles. 
Then the code implementation in PHP 
The SQL statement, based on Haversine formula, finds all locations that are within the range of the 
variable $ radius and groups them by type of crime.
3.2. Calculation of insecurity 
The calculation of the uncertainty is modelled on the human development index (HDI) prepared by the 
United Nations Program for Development (PNDU). 
The insecurity index is composed of two components Number of Events (Q) and time (H). Each 
component represents half the total value of the index: 
HQindex
2
1
2
1
+=                                                                                                                                 (8)
Each expressed with a value from 0 to 1 for which we use the following general formula 
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The component Q is calculated by the number of events in the area, determined by the position. To 
calculate the maximum and minimum values, events are grouped by neighborhood, according to the CIS-
ICSA. At UACJ, the neighborhood with more incidents is “El Granjero” with 53 homicides, which is the 
maximum, then a neighborhood could exceed this number and then would be the new high which means 
that the maximum is dynamic depending on the data entering the database. 
To calculate the H component,t data are grouped in ranges of time, for example suppose that areas of 300 
m radius 13 homicides are grouped in the following form and consult the index at 4:38 pm, as is shown in 
Table 1. 
$latitud = $_REQUEST['lat']; 
$longitud = $_REQUEST['lon']; 
$radio = $_REQUEST['rat']; 
$distancia = $_REQUEST['dis']; 
$incidentes = $db->execute_query(" 
SELECT COUNT(*) as cantidad, (".$ratius." * acos( cos( radians(".$latitud.") )  
* cos( radians(latitud) ) * cos( radians( longitud ) - radians(".$longitud.") )  
+ sin( radians(".$latitud.") ) * sin( radians( latitud ) ) ) ) AS distance 
 FROM incidentes 
 GROUP BY id_tipo_delito  
 HAVING distance < ".$distance."    
");
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Amount Time Range 
5 5:00 a 6:00 pm. 
3 4:00 a 5:00pm. 
3 11:00 a 12:00pm. 
2 9:00 a 10:00am. 
Table 1 Example of colony number of homicides per hour 
The time when we consulted put us in the range of 4:00 to 5:00 pm. And the calculation of the H 
component would be: 
333.0
25
23
=
−
−
=H
Using data from the previous example would be the component Q: 
215.0
253
213
=
−
−
=Q
The index would be as follows 
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Having calculated the numerical index, it is assigned a color, depending on the range in which it is 
positioned, according to the Table 2 divided into eight classes. 
0 - .125  .56 - .625 
.126 - .25 .626 - .75 
.26 - .375 
 .751 - .875 
.376 - .5 .876 - 1 
Table 2 Ranges of colors according to the numeric index 
4. Layout Design for adaptive resolution 
4.1. Layout Design for adaptive resolution 
When designing an interface for mobile devices, it has to take into account that the space is a very small 
screen, in addition there are many resolutions and screen sizes, so it is necessary to design an interface 
that suits most devices. 
This module explains how to work with different layout provided by the Android API. The Layout are 
containers, i.e. they are able to contain other controls, such as buttons, text boxes, labels, and so on. There 
are 5 different types of Layout: FrameLayout, TableLayout, LinealLayout, RelativeLayout and 
AbsoluteLayout 
The application is based on LinerLayout. This Layout is aligned after other controls that are contained 
within it, horizontally or vertically by setting a property called orientation. The programming interface is 
through XML. 
Below is the code of the layout of the interface. 
<LinearLayout
xmlns:android="http://schemas.android.com/apk/res/android"
android:orientation="vertical"
android:layout_width="match_parent"
android:layout_height="match_parent"> 
</LinearLayout>
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As shown in the above code, the LinearLayout Tag is expressed as a typical XML (<LinearLayout> </ 
LinearLayout>) which can have many properties such as: 
Android: Android layout_widthy: Layout_height: These properties are assigned the value "match_parent" 
which tells the compiler that it fills the width and height available in the device's screen. 
Android: orientation: This property allows you to align the controls contained within the LinearLayout 
horizontally or vertically. 
4.2. Obtaining GPS coordinates 
Obtaining the geographical position of a device can be made by different suppliers; the most commonly 
used in this project through GPS, and using nearby access points (Wi-Fi). They perform the same action 
but differ in accuracy, speed and resource consumption. The class that allows the manipulation of 
different suppliers is LocationManager, the same is implemented to identify whether any of our suppliers 
are available (isProviderEnabled) and send a signal to start of service (requestLocationUpdates). 
These coordinates are stored in the variable  
From onLocationChanged method, indicating the same function class variable LocationManagerque 
GPS_manager stop the cycle of waiting by the method removeUpdates. 
4.3. Data Server Communication 
This module is one of the most important because it allows communication with the server, allowing you 
to send the GPS position obtained by receiving the processed image and map of our location, thus 
showing the outcome of the application that is the indicator of insecurity. Communication to a server 
requires a HTTP client, which can send parameters and to establish a connection using TCP / IP. HTTP 
client can access to any server or service as this is able to get response from the server and is interpreted 
by a stream of data. The Android SDK has two classes with which we can achieve this, HttpClient and 
HttpPost. The class HttpClient is done to connect to a remote server, it needs HttpPost class, it will have 
the URI or URL of the remote server 
This method receives a URL as a parameter and uses classes HttpPost HttpClient and the result is 
obtained and received from the server. In this specific case it is only text, which can be Json or XML 
format. Here, the server responds with a JSON object which would give the indicator, then it used to 
create the map. 
public String ExecuteConection(String url)  
{ 
URL = url; 
client = newDefaultHttpClient(); 
methodPost = newHttpPost(URL); 
try { 
  response = client.execute(methodPost); 
  entity = response.getEntity(); 
  is = entity.getContent(); 
  }  
catch (Exception e) { 
  error = ("conection:" + e.getMessage()); 
  returnerror; 
  } 
  return Result(); 
}
cordinates_lister = newLocationListener() 
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4.4. APIGoogleMaps to purchase the map 
For maps anywhere in the world, the GoogleMaps API provides a service called staticmaps, which returns 
an image in GIF, PNG or JPG in response to an HTTP request through a URL. Through this URL you 
specify the location parameters obtained from different suppliers, in this case by the GPS, the size of the 
image, zoom, map type, and even draw polygons within these images.  
4.5. Construction of the polygon quadrant position and alternate routes 
For the construction of the polygon that indicates the rate of incidents in a certain radius of the current 
position, it is not possible to create it using the GPS coordinates that yields, since these are specified in 
"degrees" and requires the unit to convert to meters. For this reason, you need to know how an arc equals 
the terrestrial sphere, which depends on the place on earth where it is located and the address where you 
are. The simplest case is to measure an arc in Equator, considering that the earth is 3,670 km radius, the 
perimeter of serious Equator radio 2, which would be equal to 40.024 miles. With this you can get a 
relationship that would be as follows. If 360 degrees is 40.024 miles then a degree is 111,000.18 miles, 
this relationship can add and subtract yards to the position, but this serves only as measured from Equator 
since the radius changes as you approach the poles, you need the radius of each parallel. This class allows 
you to convert the GPS coordinates in degrees to UTM coordinates. UTM.Con can make trades directly 
with meters. It is necessary to modify the class and add a method that allows us to send a position and 
adding meters as the proposed in [3]. 
With this modification of the original class, it can now add to a position of actual meters. For the 
construction of the polygon it is taken based on the current location of the device, this will be the center 
of a hexadecagon to be built by the sine and cosine to indicate the corners of each side, so you can send 
them to the GoogleMaps API. The reason sending the vertices is because the API cannot draw circles, 
that is why it is replaced by a colour paint polygon received from the server as the indicator of danger. 
The order in which these vertices are sent, is important because the API points reads left to right as shown 
in the figure 3. 
 Figure 3 Acquisition of polygon map with the position of the Android application. 
4.6. Preparation of reports and graphs 
For the preparation of graphics you need for one class which display this information and it is named 
AndroidPlot that facilitates the manipulation of data to show graphically using different types of graphs, 
as in the Figure 4. 
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The variable distribution of the type that wills SimpleXYSeries is the data sent by the server, and 
containing a style for the graph type and a label to identify the data set. 
The variable graphics is the object responsible for receiving all properties as the background, colour, size 
and data sets. In this case is the variable distribution that contains the data sent by the server. 
Figure 4 Statics Graphics on the Android Application. 
5. Implementation and testing of the system 
To implement the application, it was installed in 10 operating system devices with Android 2.2 or higher, 
which tests the system in different areas of the city, by answering a questionnaire of five questions to all 
users after five days have elapsed since installing the application, the questions are to raise awareness of 
the performance, functionality and usability of the system as shown in Figure 5. 
Figure 5 Implementation of the Android application device HTC wildfire, Android version. 
6. Conclusions 
    With the use of this innovative application for Android based mobile, it is possible to estimate the 
level of insecurity in areas of Ciudad Juarez by an alert sent to a mobile device with GPS, providing 
statistical information through a Web server that returns the level of insecurity in the consulted area [4]. 
The most important contribution is to prevent more deaths in the city, avoiding to stay on an incorrect 
place on a wrong time. During 2012 the city will be affected with 1345 deaths, and it is expected that 
many of these will not occur with this Intelligent System. 
Number[] datos= datos_servidor; 
SimpleXYSeriesdistribucion = newSimpleXYSeries( 
Arrays.asList(datos),   
SimpleXYSeries.ArrayFormat.Y_VALS_ONLY,  
"Sucesos");
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